The fallacies of a paper by Wang et al. concerning the stabilisation of a class of second-order underactuated systems are pointed out.
Introduction
In a paper by Wang et al. [1] , a stable sliding-mode control method was proposed for the following underactuated system
Under the sole hypothesis that the external disturbances d 1 (t) and d 2 (t) are bounded by some constants d 1M and d 2M , the authors claim to achieve convergence of the state errors to zero using the proposed sliding-mode controller. This result, which is striking with respect to the consensus in the field, is unfortunately false. We show this first through intuitive counterexamples and then point out the inconsistency in the proof given in [1] of Theorems 1 and 2, the main results of that paper.
2
Counterexamples to Theorems 1 and 2 The following counterexamples show that the above claims are both false.
Consider the following system
As the solution of x 1 , x 2 is x 1 ðtÞ ¼ a sinðt þ bÞ; x 2 ðtÞ ¼ a cosðt þ bÞ, where a and b are constants determined by x 1 (0) and x 2 (0), we have
for any positive constants c 1 and c 2 .
However, the above system is obviously not asymptotically stable for any control input.
In general, a control system in the form
is not asymptotically stable for any control input, provided that the first subsystem _
Þ is Lyapunov stable but not asymptotically stable, which contradicts the claims of Theorems 1 and 2.
More counterexamples related to underactuated robot systems can be found in [1] .
3
Errors in the proof 
. This is unfortunately not true; the fact is that the proposed control law can only make either the surface
The proof of Theorem 2 relies on (37), that is, S [ L 2 ; this is established through (19), which is in turn established through (15), where the authors have implicitly used the assumption thatȧ ¼ 0, that is, that a is a constant. However, this does not hold, as a is determined by (35) as
which is not a constant and where derivativeȧ does not exist. A careful check of the simulation results for Pendubot reveals that S is not monotonically convergent to zero in finite time (see Fig. 10 of [1] ), which is inconsistent with what is predicted by the inequality (19).
Explanation of simulation results
The controllers proposed by Wang et al. [1] had been used to stabilize two underactuated systems: an overhead crane and the Pendubot. The simulation results show that the proposed sliding controller seems to work well: how can this be explained? First, note that the linearised models of the two underactuated systems about the desired equilibrium points are both controllable; so that the system can be locally stabilised by a family of feasible linear or nonlinear control laws. The proposed nonlinear control laws may, in some very special cases, fall into this family, and hence can asymptotically stabilise the underactuated systems with a small convergent external disturbance, a small non-persistent external disturbance (exactly the case in [1] ), or a small matched persistent external disturbance, but not with an unmatched persistent external disturbance.
Conclusion
It has been shown through intuitive counterexamples and theoretical analysis that the sliding controllers proposed by Wang et al. [1] cannot solve the asymptotic stabilisation problem for a class of underactuated systems, although they may still work in some very special cases in which the linearisation about the desired configuration is controllable for the underactuated systems.
As pointed out in [2] , it must be realised that the problem of stabilising underactuated systems is much more complex and difficult than Wang et al. [1] , implied, and is still open in general cases, especially in the absence of gravity. A great challenge to be faced in the absence of gravity is the non-existence of a pure smooth state feedback law to stabilise such systems, so that non-smooth pure state feedback laws or time-varying state feedback laws must be used. Although the controllers proposed by Wang et al. [1] are indeed discontinuous, switching is introduced there only to account for uncertainties, with no mechanism for overcoming Brockett's obstruction [3] being present. A correct solution comes from non-conventional design approaches, such as the scheme proposed in [4] . 
